Abstract--Because of its excellent thermal, mechanical and electrical properties silicon carbide is widely used for heating elements. Nevertheless these elements are affected by electrical ageing (increase of electrical resistivity during use) and thermal conductivity. This phenomenon is generally attributed to oxidation but no satisfactory answer has been presently found to reduce its effects. The aim of this study is to obtain a better understanding of the thermal stability and the electrical behaviour of various SiC materials containing various amounts of additives.
I. INTRODUCTION
Silicon carbide (SiC) has attracted much attention and has being studied for the potential in many applications such as biosensors [1] , photo-catalysts [2] and hydrogen storage [3] because it possesses several excellent properties and is also an important biocompatible material [4] . Compared to bulk SiC, one-dimensional (1D) semiconductor nanostructured SiC such as SiC Nano-rods, nanotubes and nanowires have been studied more extensively during the last decade owing to their versatile application in fabrication of optoelectronic, electronic and sensor devices on nanometre scale [5] . Silicon carbide nanotubes (SiCNTs) were known as one dimensional nanostructure material along with silicon carbide nanowires. SiCNTs have advantages over carbon nanotube (CNTs) for high temperature and harsh environment applications because they possess high reactivity on exterior surfaces, facilitating sidewall decoration and greater stability at high temperature and in highly oxidative environment [6] .
The main method for SiC production is the Acheson process, which is carbothermal reduction of SiO2 by coke at 2200-2500°C [7] . Due to high reaction temperatures and long reaction time, the synthesized SiC has often large particle size and is contaminated with impurities such as oxygen and metals. SiCNTs are currently synthesized by using chemical vapour deposition (CVD) [8] and carbothermal reduction of the silica by using conventional heating [9] . However, both of these methods have the downsides in the synthesis of the SiCNTs such as CVD method can only synthesize small amounts of SiCNTs and resulted in the presence of impurities in the SiCNTs due to extensive use of chemical during the synthesis of SiCNTs. Meanwhile, long heating duration, slow heating rate and requirement for further purification step to remove impurities was the problem always associated with the use of conventional heating method in carbothermal reduction of silica. Additional production cost was also needed since large consumption of energy was required to for the synthesis of SiCNTs. In addition, Latu-Romain et. al [10, 11] in their study of synthesis of the SiCNTs from silicon nanowire (Si NW) has successfully synthesized SiCNTs by hot filament CVD at temperature of 1100°C for 30 minutes using gold as catalyst. Continuous diffusion of Si gas into the layer of SiC has resulted in the formation of SiCNTs. However, the use of gold as catalyst incurred high cost and the need to synthesize Si NW required additional processing step which are time and energy consuming.
Recently, many researchers have utilized microwave heating to synthesize SiC because of special characteristics of microwave heating in which microwave can volumetrically heat materials with favourable dielectric properties and can synthesize SiC with uniform grain size at higher synthesis rate and reduced reaction time [12, 13] . It is more economical to synthesize materials using microwave heating as compared to conventional methods such as mechanical milling, carbothermal reduction and laser synthesis since microwave heating is well known for low energy consumption, shorter reaction time and very low impurities such as oxygen and metals reside in the end products after synthesis [14, 15, 16] . The characteristic of microwave heating is attributed to the fact that microwave is a form of electromagnetic energy with a frequency range from 300 MHz to 300 GHz and microwave can couple with certain materials which have excellent dielectric properties such as carbon and it can be absorbed into these materials volumetrically which then transformed to heat from the inside of materials [17, 18] . Conventional heating method involves the transfer of heat between objects by the mechanisms of conduction, convection and radiation [19] . Heat loss to surrounding and irregular heat transfer between the heat source and material often becomes the issue of conventional heating and causes low heating rate and high energy consumption. Li et. Al[20] , have reported that by using microwave heating, one can successfully synthesize nanostructured β-SiC in argon atmosphere. Compared to conventional heating, microwave heating was proven to be an efficient approach to synthesize SiC in terms of low energy consumption and time saving. Carbon materials such as MWCNTs are well known as good microwaves absorber [21] . It is expected that by microwaves heating the blend of MWCNTs and SiO2, SiCNTs can be synthesized from the reaction of MWCNTs and SiO2. To date, no study was reported on the synthesis of SiCNTs by microwaves heating of blends of MWCNTs and SiO2.
In the previous study, several researchers have investigated the effect of ratio of raw material on the synthesis of SiC Nano-material [22, 23] . For example, Ding et al [24] in their study synthesis of SiC nanowires by using molten salt synthesis (MSS) method at temperature of 1400 °C indicates that ratio of raw materials is an important factor to synthesize SiC nanowires and they revealed that intensity of β-SiC peaks of ratio 1:3 was higher compared to Si and salts containing carbon of ratio 1:1, 1:2 and 1:4 which suggested that formation of SiC nanowires was highest when Si and salts containing carbon of ratio 1:3 was used. Besides that, Bi et al [25] reported the synthesis of the SiC/CNTs heterostructures from the sol-gel mixture containing the mixture of MWCNTs and silica gel in various ratios by using tube furnace at temperature of 1400°C for 60 minutes. They found out that increase of molar ratio of MWCNTs in mixture caused high residual of MWCNTs and revealed that almost all reactant of silica gel and MWCNTs in the ratio of 1:3 was consumed and formed SiC/CNTs hetero-structures. Therefore, these studies indicate that ratio of raw materials has significant effect in the purity and quality of the synthesized SiCNTs.
Bi et al [25] and Quah et al [26] also studied and reported the effect of different ratios of the SiO2 particles and CNTs. However, in this article we studied the effect of different ratios of SiO2 particles and MWCNTs with a different synthesis approach which is by using microwave heating rather than conventional heating method used by Bi et al and Quah et al. Thus, in this paper, the effect of molar ratio of MWCNTs and SiO2 on the synthesis of SiCNTs was studied and reported, considering its importance on the properties of the prepared materials.
The electrical properties of highly pure SiC, mainly single crystalline SiC, prepared by chemical vapour deposition and sublimation, has been intensively investigated [27] [28] [29] . SiC can be also used as an electrical heating element because of its high electrical conductivity, good oxidation resistance, and high thermal shock resistance [30, 31] . SiC heating elements are fabricated from relatively impure SiC powder containing various impurities such as Al, Fe, and O. Moreover, commercial SiC powder, commonly fabricated by the Acheson method using SiO2 and C, does not have a stoichiometric composition; the powder contains excess C or Si. The electrical properties of SiC are strongly dependent on the impurities; however, the properties of impure SiC, in particular, off-stoichiometric SiC, have scarcely been investigated. The thermal conductivity of a SiC heating element should also be controlled, because the thermal shock of a SiC heater and thermal conduction from a SiC heater to an electrode and/or insulation element are important for the design of a SiC heater. To develop a highperformance SiC heater, it is essential to understand the effects of excess C and Si in SiC on the electrical and thermal conductivity of SiC. This paper examines the thermal stability and the electrical behaviour of various SiC materials containing various amounts of additives. These additives are generally used in the processing of silicon carbide materials because of their ability to enhance electrical and thermal properties.
I.

THERMAL CONDUCTIVITY
One of the potential applications of porous SiC ceramics is a receiver material in solar power plants. The receiver material must (1) efficiently absorb the sunlight collected by the whole mirror field, (2) keep low losses, and (3) efficiently transfer the thermal energy to the exchange media [32] . The enhanced absorbance of SiC due to its naturally black colour coupled with its high thermal conductivity enables the collection of solar heat and the effective heating of gases inside the porous SiC ceramics. Thus, the effect of porosity on the thermal conductivity of porous SiC ceramics is an interesting issue for the receiver applications. Figure. Where κc and κm are the corrected and measured thermal conductivities, respectively, and Vd is the volume fraction of void. The equation suggests that the thermal conductivity generally decreases with increasing porosity. The data shown in figure. 1 generally follow the tendency, however, some data shows great deviation from the trend. In summary, the thermal conductivity of porous SiC ceramics is strongly dependent on the porosity as well as the purity of strut materials. Porous SiC ceramics fabricated by partial sintering without sintering additives show higher thermal conductivity than other materials processed by sacrificial template and replica techniques at the equivalent porosity. Thermal conductivities of 57 W/ (m·K) at 40% porosity [39] and 42 W/ (m·K) at 68% porosity [38] were obtained in porous SiC ceramics fabricated by partial sintering.
II.
THERMAL BEHAVIOUR AND ELECTRICAL CONDUCTIVITY In terms of thermal behaviour and electrical conductivity, Parchovianský et al. [44] studied the influence of SiC nanoparticles additions on the electrical and thermal conductivity of Al2O3/SiC micro-/nanocomposites under normal and high temperatures. Different samples with various volume fraction of SiC ranging from 3 vol% to 20 vol% were prepared by hot pressing at 1740°C and at 30 MPa pressure in an argon atmosphere. The results showed that the thermal properties (thermal diffusivity and thermal conductivity) of Al2O3/SiC nanocomposites were not influenced by the size and shape of SiC particles but by the volume content of these particles. Thermal conductivity increased with higher contents of SiC nanoparticles up to a maximum of 35% increase (from 28 W/m K to 38 W/m K) for 20 vol% of these nanoparticles. Barea et al. [45] obtained similar trends for these properties. However, if compared with the theoretical values of thermal conductivity reported for SiC (700 W/m K) or the value measured for a polycrystalline hot pressed SiC (270 W/m K), the resulting thermal conductivity of a composite with 20 vol% of SiC should be much higher. Hasselman and Johnson [46] stated that the existence of a thermal barrier resulted from unperfected thermal contacts at the matrix/dispersion interfaces, partially explained by the difference of thermal expansion coefficients of the two phases. Still, a relevant increase was achieved with the inclusion of SiC nanoparticles. Regarding electrical conductivity, Parchovianský et al. [44] also showed that the electrical conductivity increased with higher amounts of SiC nanoparticles, especially in the composites with the volume fraction of SiC higher, or equal to 10 vol%. The results indicated that at low SiC contents the SiC particles were not interconnected to form a continuous conductive network which was verified for amounts higher than 10%, when an increase from 10 −5 S/m (for 5 vol%) to 10 −3 S/m (for 10 vol%) was recorded. Other studies testified identical trends, such as those of Sawaguchi et al. [47] or Stauffer and Aharony [48] that, based on mathematical models, proposed a value of 17 vol% of addition of a secondary phase to create an effective conductive path and mechanical behaviour of SiC, aluminium oxynitride (AlON) nanocomposites. AlON is widely used as ceramic material due to its high stiffness, good chemical stability and superior corrosion and wear resistances. However, its low flexural strength and poor fracture toughness justify the incorporation of nanoadditions in the production of these types of CNCs. In this study, four samples were tested with 0 wt%, 4 wt%, 8 wt%, and 12 wt% contents of SiC. The results showed interesting indicators. Concerning microstructure and density, the authors reported a decrease in the number of visible pores with the addition of SiC up a maximum reduction for 8 wt% SiC sample. For 12 wt%, an increase in the number of pores was observed, in accordance with similar works such as Dong et al. [49] , where a decrease in relative density was registered for higher contents of SiC (more than 10 wt%). Complementarily, a similar trend was observed for open porosity and relative porosity as shown in Figure 2 . Shows that the open porosity decreased with the increasing content of SiC nanoparticles up to 8 wt% and then increased with additional SiC up to 12 wt%. Accordingly, the relative density showed an opposite trend. The authors proposed some explanations for these facts, namely, the agglomeration of SiC nanoparticles in these composites for higher addition amounts. Moreover, Djenkal et al. [51] also reported that additional amounts of SiC would bring a sintering inhibiting effect on the ceramic matrix, due to the strong covalent nature of Si-C bond, which makes it harder to fabricate self-bonded SiC ceramics below 2100°C [52] .
III.
CONCLUSION This paper reviewed the current research status of the field of SiC nanocomposites and recent developments in this area. In terms of thermal behaviour, SiC show more consistent results. Their incorporation in ceramic matrix has as a primary impact an improvement of the microstructural composition with high densification, low grain growth, and elimination of porosity. Consequently, it impacts other properties. For example, SiC shows the potential to increase the thermal behaviour up to a maximum of 35% for a 20 vol% addition. Considering the influence of the processing method on the microstructure, porosity, and properties of SiC materials, the selection of the processing route for the production of various SiC depends primarily on the final properties required for specific application. Future work in this field should be directed toward (1) the development of more costeffective processing, which can be accomplished by fewer heat-treatments (pyrolysis, calcination, sintering, etc.) of shorter time and lower temperature and by using more cost-effective raw materials; (2) the development of SiC materials with improved performance required for specific applications, which can be fulfilled by control over the microstructure and composition (additives or bonding phase) of struts; (3) the investigation of suitable methods for specific target applications, focusing on deliberate tuning of processing parameters that control the properties of SiC materials ; and (4) the coupling of porosity with other functionalities (such as electrical conductivity, thermal conductivity ), which will lead to more versatile applications and to components with an even wider set of properties, for use in advanced applications such as filters for rocket nozzles, heat exchangers for solar concentrated power applications, and pre-heaters for semiconductor processing gases.
